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These days Nanotechnology has become a buzzword throughout the scientific 
community. The proposed miniaturization of engineering to the molecular scale is 
highly enticing and intellectually stimulating. Continuous cross-fertilization between 
knowledge from hitherto separate disciplines as physics, chemistry and biology 
promises to spawn a new paradigm, changing the way we think about matter and 
life itself. Ideas are plenty. In his seminal work, engines of creation, K. Eric Drexler 
described a universal assembler, a kind of synthetic ribosome, equipped with a 
genetic algorithm, allowing it to self-replicate. This ultimate machine would be able 
to construct any conceivable material structure, in any number of copies. Matter 
would be like software today. Whether this dream will ever be realized remains to 
be seen,1 but if one thing, history taught us that revolutionary technologies have 
always been under –, rather than overestimated regarding their scope and width. 
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1.1   Nanotechnology, monolayers and patterning 
 
Nanos (νανος) means dwarf in Greek. This indicates that one is dealing with very 
small entities. The term is usually taken to mean manipulation of matter on a scale 
of 0.1 nm (1 Å) to 1000 nm (1 µm). As this world is inhabited by entities like atoms, 
molecules, and molecular assemblies, this requires a methodology to control the 
relative location, and possibly the dynamics, of each entity (atom, molecule, 
assembly). In fact nanotechnology more accurately refers to a set of techniques to 
achieve this manipulation. A dichotomy can be discerned between top-down 
methodology and bottom-up methodology. The former refers to the continuous 
miniaturization of known technology with respect to construction and engineering, 
a process that brought down dimensions from millimeters to micrometers (1970’s) 
to nanometers. The latter refers to the process of actually building up 
nanostructures atom-by- atom, or molecule-by-molecule, preferably by a self-
assembly process. As technology develops, the (length) scales that can be 
reached by either approach are converging. 
Today nanoscience is fed from a number of subdisciplines. Nanoelectronics, 
nanomaterials, molecular nanotechnology, bionanotechnology and development of 
tools for analysis, especially scanning probe microscopies all contribute. The 
development of nanoelectronics and – materials mostly relies on top-down 
methodology. Molecular – and bionanotechnology have a more bottom-up 
approach. One very important goal in nanotechnology is bridging the gap between 
the subdisciplines, as prompted by the rush towards miniaturization in the 
electronics industries, which demands ever smaller components. Flexibility in the 
manipulation of the basic components of future devices will be imperative to a 
successful implementation of a next generation technology. As these future 
components are widely regarded to be of molecular scale, attaining control, at the 
molecular level, over their spatial distribution and organization will hold the key. A 
pure self-assembly approach towards spatial organization, to provide a 
complementary paradigm to the currently available top-down methodologies,2 
including lithographic techniques, would in itself be a very desirable goal.3 Other 
parameters like cost and ease of fabrication only seem to be speaking more in 
favor of such an approach. Novel concepts and strategies for bottom-up 
construction of molecular assemblies might also find application in next generation 
materials and smart medicine. SPM (scanning probe microscopy, vide supra) will 
provide an invaluable tool for study and manipulation of these architectures.  
Self-assembly: 
Self-assembly, defined as the spontaneous, thermodynamically controlled, 
organization of individual molecules into a (meta) stable and (spatially) well-defined 
aggregate usually is a complicated and not very well understood phenomenon.              
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Figure 1.1 A fine example of lithographic 
patterning. 
It critically relies on a delicate interplay of many interactions, often of different 
nature. Nonetheless it is evident that living nature could not exist in its absence, as 
it is the driving force for the formation of  the basic components in living organisms. 
It is exactly for this reason that self-assembly approaches have been put forward 
as an alternative to top-down methodology in nanotechnology.4 Dimensionality is 
poised to be a key parameter for the development of an understanding of self-
assembly approaches at the nanoscale, as it is often more easy to control 
aggregation phenomena in two dimensions then in three dimensions. Reduction of 
dimensionality for the sake of simplification does not discard the relevance with 
respect to application though. Two-dimensional structures are typically 
encountered in nanoelectronics, where specific features are assembled onto a 
substrate.5 Many new materials arise from a layer-by-layer build-up. A 
nanostructured plane can also be used as a template to build structures in 3-D. 
Self-assembly promises to be a cheap and potentially extremely easy methodology 
to decorate surfaces with all kinds of interesting templates.6 In general it would be 
highly desirable to be able to control interfacial properties, as interfaces play such 
a prominent role in many processes, e.g. in catalysis, molecular recognition, and 
as sites of nucleation, both in natural and synthetic systems. 
This thesis will be concerned with developing new self-assembly approaches 
towards nanostructured monolayers on surfaces. The monolayers will form at 
equilibrium at the solid – liquid interface.  These monolayers will specifically alter 
the properties of the surface, due to periodically distributed chemical functionality. 
In this thesis we will describe an exploratory study to control the packing of these 
functionalities at a molecular level. Its main goal is to come to an integrated 
approach towards the design of adsorbents, such that they assemble into well- 
defined patterns, hence its title.  Several aspects of these self-assembled surface 
patterns will be explored.  
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1.2 Outline 
 
After a literature survey on self-assembled monolayers and some existing 
methodologies to create nanoscale patterns in chapter 2, the focus will be on the 
introduction of reactive chemical groups into a monolayer, self-assembled by 
physisorption. This is the topic of chapter 3. It will be shown that variation of the 
chemical composition along the alkyl chains of the adsorbents allows for the 
introduction of functional entities.7 When the molecules form a regular 
superstructure at the interface, these functionalities are intrinsically organized into 
a pattern. The role of additional interactions, whose introduction can either add 
stability, or drive the formation of the aggregates into a specific shape, will be 
explored. Formation of a two-dimensional aggregate, a monolayer, can be inferred 
from imaging the system with the scanning tunneling microscope (STM).  
In the next chapters, interactions in the lateral plane will be explored in more depth. 
This work aims to control the periodicity of the functionality in the plane. Novel 
concepts to influence the spacing, and thus the spatial distribution of functionality 
have been developed, adding to the versatility of the self-assembly approach. In 
chapter 4 it will be shown that multi-component monolayers can be formed, simply 
from a solution containing all the components. This emphasizes the generality of 
the approach. 
In chapters 5 and 6 an entirely new idea will be introduced. The use of 2-D 
foldamers in the context of surface patterning will be explored. To this extent 
oligomeric molecules will be used, that absorb onto the surface and fold into a well-
defined conformation and shape, and thus form regular 2-D patterns by self-
assembly. The basic knowledge that results is directly relevant for protein 
absorption at interfaces, but is also combines aspects from folding and crystal 
design. The 2-D confinement, greatly reduces the degrees of freedom which will 
facilitate rational design by molecular modeling. In chapter 5 the design of a model 
system will be described, whereas in chapter 6 potential synthetic routes towards 
higher homologues, that can truly be regarded foldamers, will be worked out. In 
principle, the foldamer approach can be used for synthetic as well as natural 
oligomers, like peptides, and it can be applied to many different substrates by 
adjusting the foldamer - substrate interactions.  The approach offers the advantage 
that the precise spatial positioning of functional groups can be programmed at the 
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